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DECLARATION OF RIC HARD JENNY PURSUANT TO 37 C.F.R S 1.131 

I, Richard Jenny, hereby declare: 

1 . I am a named co-inventor on U.S. Patent Application Serial No. 10/534,187, filed 
on November 9, 2005. The other named co-inventor is Saulius Butenas. 

2. The invention disclosed and claimed in the instant patent application was first 
conceived in the United States before November 5, 2002, the earliest possible effective filing 
date for the reUed-npon subject matter in U.S. Patent No. 7,049,087, naming Richard Jenny, Paul 
E. Haley, and Brian Earp as inventors. 

3. Accompanying fliis Declaration as Exhibit A is a photocopy of a Grant 
Application that I submitted to the U.S. Department of Health and Human Service on July 31, 
2002, which is before the earHest possible effective fiUng date for the relied-upon subject matter 
m U.S. Patent No. 7,049,087. 

4. Ekhibit A (see, for example, pages 13-16) is dhected to the invention claimed in 
my U.S. Patent Application Serial No. 10/534,187 and evidences both my conception and 
reduction to practice of my invration at least as early as July 31, 2002, which is before 



November 5, 2002, the earliest possible effective filing date for the relied-upon subject matter in 
U.S. Patent No. 7,049,087. 

5. U.S. Patent Application Serial No. 10/534,187 claims priority fixim three priority 
documents. The first is U.S. Provisional Application No. 60/425,662, filed November 13, 2002; the 
second is U.S. Provisional Application No. 60/466,214, filed AprU 28, 2003; the third is 
PCT/US2003/35608, filed November 6, 2003. 

6. I was diligent &om a date prior to My 31, 2002 (the date Exhibit A was submitted 
to the U.S. Department of Health and Human Service), to November 13, 2002, tiie date of my 
legal constructive reduction to i»actice, i.e., the filing of U.S. Provisional Application No. 
06/425,662. With the assistance of my patent attomey, Steve Sarussi, I prepared several revised 
drafts in August to November of 2002. The final one was filed with tiie U.S. Patent and Trademark 
Application on November 13, 2002 and wMch was assigned U.S. Provisional Application No. 
06/425,662. 

7. I hereby declare fijrther that all statements made herein to my own knowledge are 
true and that all statements made on information and belief are believed to be true; and fixrther 
that these statements were made with the knowledge that wiUfiil false statements and the like so 
made are punishable by fine or imprisonment, or bofli, under Section 1001 of Titie 18 of the 
United States Code and that such wilUul fiilse statements may jeopardize the validity of the 
application or any patent issuing thereon. 
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Exhibit A 



Form Approved Through 05/2004 



OMBNo. 0925^)001 



Grant Application 



Do not excoetf 5&<iharaDtBr length m 



LEAVE BLANK-FOR PHS USE ONLY. 



Type 



I Activity 



Coundl/Board (Month. Year) 



1. TTOE OF PROJECT 

Fluorogenic Assays for Factor Vila and Tissue Factor 



2. RESPONSE TO SPECIFIC REQUEST FOR APPUCATIONS OR PROGRAM ANNOUNCEMENT OR SOUCrTATlON 

(If 'Yea, ' state number and tttle) 

Number Title: 



UnoDyes 



3. PRINCIPAL IMVESTIGATOR/PRdGRAM DIRECTOR 



New Investigat or ^No DYes 



3a. NAME (Last first, middle) 

Jenny, Richard J. 



3b. 0E6REE(S) 

B.S. Ph.D 



3c. POSITION TITLE 

President and Scientific Director 



3b. DEPARTMENT, SERVICE. LABORATORY. OR EQUIVALENT 



3f. MAJOR SUBDIVISION 



3g. TELEPHONE AND FAX (Aiea code, number and extension) 
TEL: (802) 878-1777 | FAX: (802) 878-1776 



3d. MAIUNG ADDRESS fS<nBatc%,s(B«e,zfpcoc 

Haennatologic Technologies, Inc. 
57 River Road 
Unit 1021 

Essex Junction, Vermont 
05452 

E-MAIL ADDREss:fjenny@haemteoh.net 



4a. Research Exempt □ No □ Yes 
lfYe8.'E 



4. HUMAN SUBJECTS 

RESEARCH 
M No 
□ Yes 



5. VERTEBRATE ANIMALS ISI No □ Yes 



c, NIH-defined Phase III 
Clinical Trial 
□ No □ Yes 



5a. tf 'Yes," lACUC approval Date 



. DATES OF PROPOSED PERIOD OF 
SUPPORT (month, day, yeBr-miUDD/rf) 



03/01/03 



08/31/03 



7. COSTS REQUESTED FOR INmAL 



($) 

$75,000 



7b. Total costs («) 8a OirectCostsW 8tL Total Costs ($) 
$75.000 I $76.000 | $75,000 



9. APPLICANT ORGANIZATION 

Name Haematoiogic Technologies, Inc. 
Address 57 River Road 
Unit 1021 

Essex Junction, Vermont 
05452 



Institutional Profile File Number (If known) 



10. TYPE OF ORGANIZATION 

Public -> □ Federal □ State □ Local 
Private: -> [U Private Nonprofit 
For-profit: D General |S Small Business 

D Woman-owned D Socially and Economically Oteadvantaged 



11. ENTITY IDENTIFICATION NUMBER 
03-0312741 

0UNSN0.(Zrav8/m 192057123 
Congressional District Vemiont at Large 



12. ADMINISTRATIVE OFFICIAL TO BE NOTIFIED IF AWARD IS MADE 

Name Ricliard J. Jenny, Ph.D. 
Title President and Scientific Director 
Address Haematologic Technologies, Inc. 
57 River Road, Unit 1021 
Essex Junction, Vennoht 0J§4S2 



Tel (802) 878-1777 
E-Mail ijenny@h.aemtech.net 



FAX (802)878^1776 



13. OFFICIAL SIGNING FOR APPUGANT ORGANIZATION 

Name Richard J. Jenny, Ph.D. 
Titie President and Sclenttfic Director' 
Address Haematologic Technologies, Inc. 
57 River Road, Unjt102t 
Essex JuncHon, Vemiont 05452 

Tel (802) 878-1777 FAX (802) 878-1776 * 

E-Mau . rienny@haBmtech.net 



14. PRINCIPAL INVESTIC3ATOR/PR06RAM DIRECTOR ASSURANCE' J cerii^ tliat tile 
— ents Herein are true', complete and accurate to Ifte best or my knowledge. I am 
ttiat any bise, fictitious, or liaudulent statements or claims may sul^ect me.to 
criminal, dvil, or administrative penalties, I agree to accept responsltiilRy fbr'the scienfific 
conduct of the project and to provide tiie required progrsss reports if a grant is awoded as 
a result of nils 



DATE 

07/31/02 




IS. APPLICANT ORGANIZATION ceRTIFICATlON AND ACCEPTANCE; I Certify tirat tfie 
statements herein are true, complete and accurate to the tjest of my knowtedge, and 
accept the obligation to comply with Public Health Services terms and conditions if a grant 
is awarded as a result of this application. I am aware that any felse, fictitious, orfraudulent' 
statements or claims may sublect me to criminal, dvil, or administrative penalties. ■ 
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Principal Investigator/Program Director (La^, i^rat, MMdls): Jenny, Rlcahrd J. 



0ESCRIPnON:[JG2] State the application's broad, long-term objectives and specffic atans, making ielisfBnce to the lieaNh reletedness of the project Describe 
concisely the research design and methods tbr achieving these goals. Avoid summaries of past accomplishmenls and the use of the tlist person. THs abstract 
is meant to serve as a succinct and accurate desoiption of the proposed work when separated from the application. If the application Is ftmded, this 
description, as is, will became pubHc Infomiation. Therefore, do not include propiletary/'conlidenlial Mdrmation. DO NOT EXCEB3 THE SPACE 
PROVIDED. 

Factor Vila and Tissue Factor (TF) are essential proteins for the initiation of blood coagulation. Blood 
coagualtion Is initiated when cryptic TF becomes exposed on the surface of vascular cells where it can bind 
circulating factor Vila. The factor VMafTF complex catalyzes the activation of certain blood zymogens that 
propogate the coagulation event. The amount of circulating factor Vila has been shown to be a good 
indicator of hemostatic potential and for this reason is a potential risk indicator for the development of 
cardiovascular disease. In addition, over the past decade recombinant factor Vila has become the drug of 
choice for treating hemophilia A arid B patients who hiave developed inhibitors to factors Vlil and IX 
respectively. Formation of the factor VllaATF complex is also the basis of specific coagualtion assays. The 
Prothrombin time (PT assay) utilizes either natural or synthetic thromboplastin reagents to initiate 
coagulatoin in-vitro. Thus in addition to its in-vivo role, TF also has in-vitro applications. Furthemriore, TF is 
not only present in the vasculature, but also in a numerous other tissues and cells including brain, lung, 
placenta, platelets, monocytes and tumor cells. In addition to its "normal" role in hembstasis, it is also known 
to be involved in the metastasis of tumor cells. The fact that TF and factor Vila play such important roles 
both in-vivo and in-vitro, indicates that rapid and direct assays for these proteins could be of great utility. At 
the present time, reliable assays for factor Vila and tissue factor that can be applied to simple as well as 
complex biologial systems do not exist. The goal of this phase I proposal is to demonstrate the feasibility of 
developing flurogenic-based assays that may be used to directly measure factor Vila and TF in simple and 
complex biological systems. To accomplish this goal, the following specific aims are proposed: 1) To utilize 
aminonaphthalene-based fluorogenic substrates for factor Vila to develop basic assays that may be used to 
quantitate factor Vila and TF in simple and well defined systems; b) to further develop the assay for tissue 
factor and demonstrate the ability to measure TF in more complex biological systems; and c) to further 
develop the assay for factor Vila and demonstrate the ability to measure factor Vila in more complex 
biological systems. 



PERFORMANCE SITE(S) (organization, city, ^ate) 
Haematoiogic Technologies, Inc. 
Essex Junction, Venmont 



KEY PERSONNEL See instructions, asa conUnuaaon pages as needistf to proiride the required InAimaUon In the forniat shown Iwlow. 
Start with Principal Investigator. Ust all other key peisonnel in alphabetical onfer, last name first 

Name OrganizaUon Role on Project 

Richard J. Jenny, Ph.D. Haematoiogic Technologies, inc. Principal Investigator 

Meghan Anderson Haematoiogic Technologies, Inc. Technician 

Amanda Driscoll Haematoiogic Technologies, Inc. Technician 

Saulius Butenas, Ph.D. University of Vetmont Consultent 

Kenneth G. Mann, Ph.D. University of Vermont Consultant 



Disclosure Pemiission Statement Applicable to SBIR/STTR Onlv. See Instnidfons. |H! Yes Q No 
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Principal Invesfigator/Program Director (Last, FIret Middle); 
The name of the principal investigator/program director must be provided at the top of each prfntod page and each continuation pagB.(JG31 
RESEARCH GRANT 
TABLE OF CONTENTS 

Page Numbars 



Face Page ............ ................................................................................... 1 

Description, Performance Sites, and Personnel 2 

Table of Contents ........................................ ............................................................................. 3 

Detailed Budget for initial Budget Period (or Modular Budget) 4 

Budget for Entire Proposed Period of Support (not applicable with Modular Budget)...... . ^ 

Budgets Pertaining to Consortium/Contractual Arrangements (not applicable with Modular Budget) 

Biographical Slietch— Principal Investigator/Program Director (Not to exceed k>ur oaaes) 5-7 

Other Biographical Sketches (Not to exceed four pages breach - See instructions) ) 8-9 

Resources ............................................................................................................................................. 10 



Research Plan 



introduction to Revised Application (Not to exceed 3 pages) ... 



0 Supplemental Application (Not to exceed one page) . 
A. Specific Aims. 



B. Background and Significance ... 



C. Preliminary Studies/Progress Reports 

Phase I Progress Report (SBIR/STTR Phase II ONLY) 

D. Research Design and IMethods 

E. Human Subjects 



1 



(ttams A-D: not to exceed 25 pages*) 
SBIR/STTR Phase I: Items A-D limited to 15 pages. 



Protection of Human Subjects (Required if Item 4 on the Face Page is marked 

Inclusion of Women (Required if Item 4 on the Face Page is marl<ed Tes") 

Inclusion of Minorities (Required if Item 4 on the Face Page is marked "Yes') .... 
Inclusion of Children (Required if item 4 on the Face Page is marked 'Yes'^ .. 



Data and Safety Monitoring Plan (Required if Item 4 on the Face Page Is marked 'Yes" and a Phase ), II, or III clinical 
trial is proposed 

F. Vertebrate Animals ; 

G. Literature Cited 

H. Ckinsortium/Contractual Arrangements , 



I Letters of Support (e.g., Consultants) 

J. Product Development Plan (SBIR/STTR Phase II and Fast-Track ONLY) .. 



12-16 
16-19 



19-22 
22 



22-24 

24 
25-27 



Checklist.. 



Appendix (Five collated sets. No page numbering necessary for Appendix,) . 

Appendices NOT PERMITTED for Phase I SBIR/STTR unless speciUcalfy solkslted. 
Number of publications and manuscripts accepted for publication (not to exceed 10) 
Other items , (list): . - 



□ 



Check if 
Appendix Is 
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Principal InvesUgator/Program DifBctor (last, Ffret, Mcfdls): Jenny, Rkahni J. 



BUDGET JUSTIFICATION PAGE 
MODULAR RESEARCH GRANT APPUCATION 


initial Budget Period 


Second Year of Support 


Third Year of Support 


Fourth Year of Support 


Rftli Year of Support 


$ 75,000 


$ 


$ 


$ 


$■ 


Total Direct Costs Requested for Entire Project Period | 


$75,000 



Personnel 



Principal Investigator 25% EfTort 

Technician 100% Effort 

Technicnan 20% Effort 

Consultant < 6% Effort 

Consultant <S% Effort 



Richard J. Jenny, Ph.D. (HTI) 

Meghan Anderson (HTI) 

Amanda Perkins (HTI) 

Saullus Butenas (University of Vermont) 

Kenneth G. Mann, Ph.D. (University of Vermont) 



Consortium 



Fee (SBIR/STTR Only) 
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Principal Investigator/Program Director (l^st. First, Middle.): Jenny, Richaid J. 



BIOGRAPHICAL SKETCH 



NAME 

Richard J. Jenny, Ph.D. 



POSITION HUE 

President and Scientific Director 



EDUCATIONn"RAINING (Begin with baccafaurBBte or other Initial pmfessianal educaOon, such aa nursing, and Include pomxtoral training.) 



INSTrrUTION AND LOCATION 


DEGREE 
(if applicable) 


YEAR(s) 


FIELD OF STUDY 


University of Wisconsin, Eau Claire, Wisconsin 
University of Vermont, Burlington, Vemriont 


B.S. 
Ph.D. 


1980 
1989 


Chemistoy 
Biochemistry 



A. Positions and Honors. 



PROFESSIONAL ORGANIZATIONS: 

American Heart Association: Council on Thrombosis, Member 
American Association for the Advancement of Science, Member 



RESEARCH EXPERIENCE: 

1979 - 1 980 Laboratory Assistant, Dept. of Chemistry, University of Wisconsin, Eau Claire, Wiscon 

198 1 - 1984 Laboratory Research Technician, Hematology Research, Mayo Clinic, Rochester, Minnesota 

1984 - 1989 Laboratory Research Technician, Dept. of Biochemistry, Univ. of Vermont, Burlington, Vermont 

1 986 - ! 989 Graduate Student, Dept. of Biochemistry, University of Vermont, Burlington, Vermont 

1 989 Post Doctoral Fellow, Dept. of Biochemistry, University of Vermont, Burlington, Vermont 

1989 - present President and Scientific Director, Haematologic Technologies, Inc., Essex Junction, Vermont 

AWARDS AND HONORS: 

Xlth International Congress on Thrombosis and Hemostasis Award in 
Recognition for Outstanding Research Communication, July 1 987. 

JOURNALS 

Member, Editorial Board, BIOTECHNOLOGY AND APPLIED BIOCHEMISTRY(1995-present) 
B. Selected peer-reviewed publications <ln chronological order). 

PUBLICATIONS: 



1) Tracy, R.P., Young, D.S., Katzman^ J.A. and Jenny. R.J. : Two-dimensional gel electrophoresis in the.systematic 
development of new laboratory tests. Ass. NY Acad. Sci. 428 : 144-157, 1984. 

2) Litwiller, R.D., Jenny. R.J.. Kat2man, J.A., Miller, R.S. and Maim, K.G.: Monoclonal antibodies to human 
vitamin K-dependent proteins. Blood 67: 1583-1590, 1986. 

3) Jenny. R.J.. Church, W.R,, Odegaard, B.H., Litwiller, R.D. and Mann, K.G.: Purification of six human vitamin 
K-dependent proteins in a single chromatographic step using immunoaffinity columns. Preparative Biochemistry 
16: 227-245, 1986. 

4) Litwiller, R.D., Jenny. R.J. and Mann, K.G.: Identification and isolation of vitamin K-dependent proteins by 
HPLC. Analytical Biochemistry 158: 355-360, 1986. 

5) Jenny. R.J.. Pittman. D.D., Toole, J.J., Kriz, R,W., Aldape, R.A., Hewick, R.M., Kaufman, R.J. and Mann, K.G.: 
Complete cDNA and derived amino acid sequence of human factor V. Proc. Natl. Acad. Sci. USA 84: 4846- 
4850, 1987. 
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Prindpat Investigatorff'rogram Oirector (Last, Fbst, (iffiddle.): Jenny, Richard J. 



6) Mann, K,G., Tracy, P.B., Krishnaswamy, S., Jenny. RJ.. Odegaard, B.H. and Nesheim, M.E.: Platelets and 
Coagulation. In Thrombosis and Haemostasis 1987 (Verstraete, M., Vennylenj J., Lijnen, R., Amout, J., eds.). 
Leuven University Press, Leuven, Belgium (1987), pp. 505-523. 

7) Nesheim, M.E., Abbott, T., Jenny. R. and Mann, K.G.: Evidence that tiie thiombin-cataiyzed feedback cleavage 
of fiagment 1.2 at Argl54-Serl55 promotes the release of thrombin firom the catalytic surface during the 
activation of prothrombin. J. Biol. Chem. 263: 1037-1044, 1988. 

8) Gross, M.D., Simon, A.M., Jenny. R.J.. Gray, E.D., McGuire, D.M., Van-Pilsum, J.F.: Multiple forms of rat 
kidney L-arginine:glycine araidinotransferase. J. of Nutr. US: 1403-1409, 1988. 

9) Mann, K.G., Jenny, R.J . and Krishnaswamy, S.: Co&ctor proteins in flie assembly and expression of blood 
clotting enzyme complexes. Ann. Rev. Biochem. 52: 915-956, 1988. 

10) Jenny, R.J., and Mann, K.G.: Factor V: A prototyipe pro-cofactor for vitamin K-dependent enzyme complexes in 
Wood clotting. In Bailliere's Clinical Haematologv. Vol 2. No. 4. (19«9\ pp. 919-944. 

1 1) Kala&tis, M., Jenny, R.J.. and Mann, K.G.: Identifloation and characferization of a phospholipid-binding site of 
bovine factor Va. J. Biol. Chem. 265: 2IS80-21589, 1990. 

12) Kalafatis, M., Rand, M.D., Jenny. RJ.. and Mann, JCG.: Phosphoiylation of fector Va and fector VTIIa by 
activated platelets. Blood 810}: 704-719, 1993.' 

13) Jenny. R.J.. Messier, T.L., Ouellette, L.A., and Church, W.R.: Immunochemical Techniques for Studying 
Coagulation Proteins. In Methods in Enzymology. Vol. 222. 400-416. 1993. 

14) Tracy, R.P., Jenny. R.J.. Williams, E.B., and Mann, K.G.: Active Site-Specific Assays for Enzymes of 
Coagulation and Fibrinolytic Pathways. In Methods in Enzymoloey. Vol. 222. 514-525, 1993. 

15) Jenny, R.J., Tracy, P.T., and Mann, K.G.: Physiology and Biochemistry of Factor V. In Haemostasis and 
Thrombosis. 3rd Edition . Vol. I, pp. 465-476. (Bloom A.L., Forbes CD., Thomas D.P., Tuddenham E.G.D., 
eds.), Churchill Livingston, London, 1994. 

16) Bovill, E.G., Tracy, R.P., Hayes, T.E., Jennv. RJ.. Bhushan, F.H., and Mann, K.G.: Evidence diat 
Meizothrombin is an Intermediate Product in the Clotting of Whole Blood. Arterosclerosis, Thrombosis and 
Vascular Biology 15: 754-758, 1995. 

17) Lundblad, R.L., Bergstrom, J., De Vreker, R., Bray, G., Gomperts, E., Baker, D., KIngdon, H.S., Mann, K.G., 
Hartshorn, J., and Jenny. R.J. : Measurement of Active Coagulation Factors in Autoplex®-T with Colorimetric 
Active Site-Specific Assay Technology. Thromb. Haemost. 80:811-815, 1998. 

18) Taatjes, D.J., Quinn, A.S., Jenny. R.J.. Haley, P.H., Bovill, E.G., and McDonagh, J.: Tertiary Structure of the 
Hepatic Cell Protein Fibrinogen in Fluid Revealed by Atomic Force Microscopy. Cell Biology hit. 21: 715- 
726, 1998. 

ABSTRACTS: 

1) Litwiller, R.D., Jenny. RJ.. and Mann, K.G.: Monoclonal Antibodies to Human Protein S. American Society of 
Hematology, 26th Annual Meeting, 1984. 

2) Jenny, R.J., Ehriich, Y.H., Komeki, E. and Mann, K.G.: BUnase mediated phosphoiylation effector VA^a. 
Circulation 74: 1645, 1986. 

3) Ehriich, Y.H,, Komeki, E., Jenny. R.. Ciemiewski, C.S. and Mann, K.G.: Regulation of platelet activation and 

blood coagulation by extracellular protein phosphorylation systems. Blood 68: Suppl. 1, 315a, 1986c, 

4) Jenny, RJ., Pittman, D.D., Toole, J.J., Kriz, R.W., Kaufinan, RJ. and Mann, K.G.: The complete amnio acid 
sequence of human factor V. Thrombosis and Haemostasis 58rn: 298, 1987. 

5) Jenny. R.J. and Mann, K.G.: Auto-phosphoiylation of the fector Va heavy chain. Blood B: Suppl. 1, 353a, 
1989. 

6) Howard, P. Jennv. R.J. . Church, W. and Tracy, R.: Development of a human factor VH ELISA: Preliminaiy 
studies. 

7) Kalafatis, M., Jennv. R.J.. and Mann, K.G.: A Membrane Bmdmg Fragment of Bovine Factor Va Circulation 
S2f4>: 129, #511, 1990. 

8) Pittman, D.D., Torapkinson, K., Marquette, K., Jenny. R.J.. Mann, K.G., and Kaufinann, R.J.: Expresion of 
Recombinant Factor V and B-Domain Mutants in Mammalian CeUs. Blood 76fl0) : 433a, #1722, 1990. 

9) Bovill, E.G., Tracy, R,P., Hayes, T., Jenny. R.J.. Bhushan, F., and Mann, K.G.: Meizothrombin is an hnportant 
Intermediate Product in the Conversion of Prothrombm to Thrombm During Whole Blood Clotting. XIV 
Congress of the International Society of Thrombosis and Haemostasis. New York, July 4-8, 1993. 
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10) Bray, G.L., Kingdon, H., Lundblad, R., DeVreker, R., Gomperts, E., Baker, D., Bergstrom, J., Mann, K., 
Hartshorn, J. and Jenny. R.J.: Characterization of Active Coagulant Enzymes in Autoplex®T. Blood 86(10) : 
195a, #766. 1995. 

C. Research Support 
NONE 
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oTlPmgtemOimitarflMst,nst,mkUld): Jenny, "RICliarel J. 



BIOGRAPHICAL SKETCH 

Provide the following Information for the key personnel in the onler listed (or Fwm Page 2. 
Follow the sample fonmat for each person. DO NOT EXCEED FOUR PAGES. 



Saulfus Butenas, Ph.D. 



POSITION TITLE 

Research Associate 



EDUCATION/TRAINING (Begin with tocoa/aureste or other inittalpmfyasional education, such as nursing, end Include posfttoctora/ trailing.) 



INSTITUTION AND LOCATION 


DEGREE 
fffap/Ocable) 


YEAR(s) 


FIELD OF STUDY 


Technological University of Kaunas, Kaunas, Lithuania 


B.S. 


1972 




Institute of Biochemistry of Lithuanian Academy of 


Ph.D. 


1985 


Oiganic Chemistry 


Sciences, Vilnius, Lithuania 









A. Positions and Honors 

1978-1985 Junior Scientist, Institute of Biochemistry, Plunge, Lithuania 

1986-1987 Scientist, Institute of Enzymology, Vinius, Lithuania 

1 988- 1 990 Research Fellow, Institute of Molecular Genetics, Moscow, USSR 

1 989- 1 991 Senior Scientist, Institute of Biochemistry, Vilnius. Lithuania 

1991-1997 Postdoctoral Associate, Department of Biochemistry, University of Vermont Buriington, VT. 

1 997-Present Research Associate Professor, Department of Biochemistry, University of Vermont, Burlington, VT. 

B. Selected peer-reviewed publications fin chronological oidert. 

1 . Lawson JH, Butenas S . Mann KG. The evaluation of complex dependent alterations in human factor Vila. J Biol Chem 
267, 4834^843 (1992). 

2. Butenas S . Orfeo T, Lawson JH, Mann KG. Aminonaphthalenesuifonamides, a new class of modifiable fluorescent 
detecting groups and their use in substrate for serine protease enzymes. Biochemistry 31 , 5399-541 1 (1 992). 

3. Talailcite Z, Butenas S . Palaima A. Substituted 6-amino-1-naphthalenesulfonamides as fiuorogenic leaving groups of 
synthetic protease substrates. Bioorg Khim 18, 828-836 (1992). 

4. Lawson JH, Butenas S. Ribarik N, Mann KG. Complex-dependent inhibition of factor Vila by antithrombin III and 
heparin. J e/o/ C/je/n 268, 767-770 (1993). 

5. Lawson JH, Krishnaswamy S, Butenas S. Mann KG. Proteolytic activily of the «(trinsic pattiway. Methods Ensyiml 222, 
177-194(1993). 

6. Butenas S . Ribarilc N, Mann KG. Synthetic substrates for human factor Vila and fiactor Vlla-b'ssue ^ctor. Biochemistry 
32, 6531-6538 (1993). 

7. Butenas S. Lawson JH, Kalafatis M, Mann KG. Cooperative interaction of divalent metal ions, substrate, and tissue 
factor with factor Vila. Biochemistry 33, 3449-3456 (1994). 

8- Butenas S. Drungilaite V, Mann KG. Ruorogenic substrates for activated protein C. Substrate structure^fiicienc^ 
correlation. Anal Biochem 225, 231-241 (1995). 

9- Butenas S. Mann KG. Kinetics of human factor VII activation. Bloohmistry 35. 1904-1910 (1996). 

10. Butenas S. Kalafatis M, Mann KG. Analysis of tissue plasminogen activator specie^ using peptid^l fluoro^oic 

substrates. Biochemistry 36, 2123-213 1 (1997). 
1 1 • Butenas S . van 't Veer C, Mann K G. Evaluation of the initiation phase of blood coagulation using ultrasensitive assays 

for serine proteases. J S/o/ C/zem 272, 21527-21633 (1997). 

12. Butenas S. DiLorenzo M, Mann KG. Ultrasensitive fiuorogenic substrates for serine proteases. Thromb Haemc^t 78, 
1193-1201 (1997). 
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Surface Dependent Reactions in Thrombosis & Thrombolysis 
Project 1 : "Activation of Prothrombin" 

The major goals of this project are 1) To quantitate protein-protein reactions involved in prothrombinase and other 
vitamin K-dependent protein complexes; 2) evaluate tissue factor/factor Vila complex; 3) quantitatively evaluate 
thrombomodulin interactions with Xa and other proteases; 4) evaluate reactions product formation during conibined 
vitamin K-dependent complex reactions; 5) pursue development of TIRF technology as a tool for studying suri'ace 
dependent reactions. 
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Primary Structure of Prothrombin 

The major goals of this project are objective concerns structural studies on Factor V and Factor VIII, Hie plasma 
procofaotors for the prothrombinase and tenase complexes. TTils includes peptide chemistry and molecular biology 
studies of Factor V and Factor Vill. Another aim involves further studies on abnormal prothrombins and Identification 
of specific sequence defects. 
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Surface Dependent Reactions in Thrombosis & Thrombolysis 
Project 1: "Activation of Prothrombin" 
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vitamin K-dependent protein complexes; 2) evaluate tissue factor/factor Vila complex; 3) quantitatively evaluate 
thrombomodulin interactions with Xa and otiier proteases; 4) evaluate reactions product formation during combined 
vitamin K-dependent complex reactions; 5) pursue development of TIRF technology as a tool for studying surface 
dependent reactions. 
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RESOURCES 

FACILITIES: Specify the facilities to be used for the conduct of the proposed research, indicate the perlbnnance sites and describe capadties, 
pertinent capabilities, relative proximity, and extent of availability to the project Under "Other,* identi^ support services such as machine shop, 
electronics shop, and specify the extent to which they will be available to the pra|ect. Use continuation pages If necessary. 

Laboratory: 

HTI maintains a 10,000 square foot facility in Essex Junction, Vermont. This new facility, wliich was completed in July of 
2000, replaced the former 5500 square foot facility that HTI had previously occupied. The facility includes 7500 square 
feet of laboratory space. 

The laboratory is designed specifically to handle process scale protein purification, protein characterization, and contract 
research in the areas of thrombosis and hemostasis. For cold workspace and storage purposes the laboratory houses 
three walk-in cold rooms (4''C), fifteen standard laboratory freezers (-20''C), two critical temperature freezers (-30°C) and 
three ultra-cold freezers (-ZCC). 

Clinical: 



Animal: 



Computer: 

HTI operates it's own network system with 15 workstations, one main server and a mall server. 



Office: 

The facility includes 2500 square feet of office space. The office area consists of a main office/reception suite, three 
private offices, eight semi-private office cubicles, a conference room, a full kitchen and breakroom, two bathrooms (M/F), 
a library, and an office machine room. 



other 



MAJOR EQUIPMENT: List the most important equipment Items already available fbr this project, noting the location and pertinent capabilities of each. 
Major equipment includes: five coagulation analyzers, one clinical chemistry analyzer, seven floor model centrifuges, 
three bench-top centrifuges, three automated chromatography instruments (AKTA explorer, FPLC), two HPLCs, two 
spectrophotometers, one pulsed-beam fluorometer, two conventional ELISA plate readers, a fluorescent plate reader, a 
submersible-probe sonicator, an automated ELISA plate coater, and automated ELISA plate reader, two fume hoods, one 
laminar-flow hood, a lyophilizer, and a central RO water system equipped with two high-volume satellite deionizing 
stations. In addition to the major equipment, there are multiple pH meters, balances, stir-plates, overhead stirrers, 
vortexers, etc^ Major safety equipment includes: two overhead showers, one drench hose, three eyewash stations, two 
chemical spill stations, and multiple fire extinguishers. 



PHS 398 (Rev. 05/01) 



Page_10. 



Resources Format Page 



Principal I 



lOirecton Jenny, Richard J. 



A) SPECIFIC AIMS 

The primaiy goal for this phase-l proposal is to demonstrate the feasibility of producing 
ultrasensitive fluorogenic-based assays for factor Vila and TF in a high-throughput microtiter 
plate forniat. The assays vy^li be essentially identical in design and will rely on the ability of 
factor Vila to hydrolyze a synthetic fluorogenic substrate at a rate that is TF dependent In the 
assay for factor Vila, the concentration of factor >^la will be varied while the concentratiion of TF 
will be held fixed at a saturafirig concentration. The opposite will be done for the TF assay, vinth 
the TF concentration varied and the factor Vila, concentration fixed. The assays would 
Mitlmateiy be utilized for the quantitation of these proteins in purified systems as well as in 
complex biological mixtures such as plasma, cells, cell homogenates and tissue extracts. To 
accomplish this goal, the following specific alms are proposed: 

Specific Aim #1: 

Basic assay parameters and limitations will be established for the assay of factor Vila and 
Tissue Factor by varying assay conditions while using purified proteins in well defined buffer 
systems. We will explore the limitations of the microtiter plate format with regard to sensitivity. 
In the process of doing so we will evaluate the eflect of using different microtiter plates, difl'erent 
ANSN-based fluorogenic substrates for factor VllaHP, and various buffer conditions with 
emphasis on detergent concentrations and the presence or absence of calcium. We vnli vary 
enzyme, cofactor and substrate concentrations to establish optimal conditions. We vnll utilize 
both detergent-solubilized TF and relipidated TF to establish our limitations with regand to tissue 
factor presentation. 

Specific Aim #2; 

The assay for TF will be applied to more complex biological systems including: thromboplastin 
reagents (both synthetic and natural), tissue/ceil homogenates or extracts and plasma. We will 
examine different sample preparation techniques including organic and/or detergent extractions. 
We will evaluate a direct assay approach as well as an immuno-capture method. The direct 
approach will involve placing the samples directly into the assay well along with the fluorogenic 
substrate and a fixed amount of factor Vila. The immuno-capture method will involve capturing 
the TF into assay wells that have been coated with anti-TF antibodies, then washing away 
extraneous components leaving only the captured TF. Factor Vila would then be added and 
following a brief incubation, substrate would be added to initiate the assay, it is anticipated that 
the immuno-capture method would alleviate any problems that could arise due to the complex 
sample matrix. We will perform recovery studies using assay samples that have been spiked 
with purified antigen to demonstrate the specificity of the assay. 

Specific Aim #3: 

The assay for factor Vila will be applied to more complex biological systems with particular 
emphasis on plasma. For factor Vila, we will also examine a direct assay approach as well as 
an immuno-capture method. Plasma assays will be done in the presence of EOTA to prevent 
further activation of endogenous factor VII and other serine proteases. We will perfomi the 
assays in the presence and absence of TF to assure that the enzyme activity that we measure 
is factor Vila. If necessary, we will experiment with the use of specific protease inhibitors to 
minimize background activity from other serine proteases. We will perfomri recovery studies 
using assay samples that have been spiked with purified antigen to demonstrate the specificity 
of the assay. 
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Timeline: We anticipate being able to accomplish the specific aims according to the follounng 
time line: 

Month 

0 1 2 3 4 5 6 

I 1 1 1 1 1 : 1 

I ^Alm#1 1 

I ^Aim #2 1 

I : Aim #3 1 



B) BACKGROUND AND SIGNIFICANCE 



Tissue factor (TF) and factor Vila are essential components for the initiation of blood 
coagulation. The blood coagulation cascade is initiated when cryptic TF is expressed/exposed 
to the circulating biood where it can bind circulating factor Vila. The resulting factor Vlia-TF 
complex activates the zymogens factor iX and factor X to the respective enzymes factor IXa and 
factor Xa. The factor Xa initially produced activates a small amount of prothrombin to yield 
picomolar amounts of thrombin, which in tum activates platelets and the procofactors factors V 
and VIII. Activated factor VIII (factor Villa) fomns a complex on a membrane surface with serine 
protease factor IXa and activates factor X at a 50-100-fold higher rate than the factor Vlla-TF 
complex. The fector Xa produced, in complex vwth the cofactor, factor Va, and an appropriate 
membrane surface fonms the prothrombinase complex, which is the primary activator of 
prothrombin. The thrombin produced amplifies its own generation by acfivating factor XI to 
factor XIa (which can activate more factor IX) and completes the activation of platelets and 
procofactors. The thrombin that is generated cleaves fibrinogen to fbmi fibrin and also activates 
factor XIII to factor Xllla. Factor Xllia is a transglutaminase that catalyzes the cross-linking of 
fibrin to forni the insoluble isopeptide cross-linked fibrin ciot\ 

A number of studies have demonstrated relationships between circulating factor Vila levels and 
hemostatic potential. It has been established that hemophilia A and B patients have a 
decreased level of circulating factor Vila', whereas elevated levels of this enzyme are observed 
in patients with cardiovascular diseases^. Furthermore, in recent years recombinant factor 
Vila has been successfully used for the treatment of hemophilia in patients with and without 
inhibitors'^", and most commonly in those hemophiliac patients undergoing surgical 
procedures'^". Moreover, recombinant factor Vita has been suggested as a treatment for 
almost any bleeding diathesis or for the enhancement of normal hemosiasis in patients vinthout 
coagulation defects^\ 

The mechanism of the establishment of hemostasis by h^h doses of factor Vila is not dear, and 
the regimen of patient treatment is usually selected by mimicking previously reported successful 
ones. Hdwever, even in case of the same bleeding disord^, an kJentical treatment regimen 
does not guarantee an identical outcome. For example, in one particular study only four out of 
eight hemophilia patients with inhibitore achieved nonnal hemostaste even though all of them 
received "standard" injections of 90 pg/kg factor Vlla^^ On the other end of ttie spectrum, ah 
attempt to use the same treatment regimen for a differant bleeding diathesis could result in an 
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overdose of factor Vila and, as a consequence, a risk of thrombosis. Another consideration with 
regard to the use and dosage of recombinant factor Vila is the fact that it is extremely expensive 
and excessive use adds unnecessary costs to patient treatment. With total treatment regimens 
using up to several grams of material, the total cost for recombinant factor Vila can run into the 
hundreds of thousands of dollars^^'^*. The ability to monitor apatlents factor Vila levels would 
likely translate to the use of less material and thus less cost per patient. Collectively, these 
observations lead to the conclusion that an individualized regimen has to be developed for 
every type of bleeding disorder and, desirably, for every patient as well. 

A reliable and relatively simple assay for factor Vila concentration in plasma is a necessary 
diagnostic tool. It would aid In the design of individualized treatment regimens and could be 
used for monitoring the hemostatic potential during periods of patient evaluation, treatment and 
post-treatment. In addition, because of the relationship between elevated factor Vila levels and 
cardiovascular disease, the assay may have applications as a screening tool to discern an 
individuals risk of developing cardiovascular disease. 

Although several assays for plasma factor Vila have been described (some of which are 
commercially available), the majority of those assays do not discriminate between factor VII and 
factor Vila, either due to the lack of specificity in immunologic methods^' '^, or due to the 
feedback-activation of factor VII in the amidolytic and clot-based assays^^"'". Less than a 
decade ago, a "direcf factor Vila assay in plasma was described based upon clotting of plasma 
initiated with a soluble mutant of TF^\ This mutant TF is not able to promote factor VII 
activation and therefore has led the developers of the assay to claim that factor Vila 
concentration remains unaltered during the assay. However, it is established that the most 
potent activator of factor VII in plasma is factor Xa and not the factor Vlla/TF complex ^. 
Several studies also suggest that factor IXa Is a major in vivo activator of factor ViPl Thus, it 
Is obvious that concentration of factor Vila in plasma must increase during the assay due to the 
back-activation of factor VII. Additionally, a clotting assay that involves entire coagulation 
cascade is sensitive to the concentration of procoagulant proteins and coagulation inhibitors. 
As a consequence, the clotting time of plasma initiated with soluble TF reflects not only the 
concentration of factor Vila but also the concentration of all components of plasma involved in 
coagulation and Its regulation. This conclusion is supported in part by a published study 
showing dependence of factor Vila assay on protein C deficiency**. 

A new class of highly sensitive fluorogenic substrates for serine proteases that contain 6-amino- 
1-naphthalenesulfonamide (ANSN) leaving groups have been described®'". These substrates 
are useful for the quantitation of serine proteases of coagulation and fibrinolysis at picomolar 
concentrations "•'^ (Table 1 ). Several substrates that are useful for the quantitation of factor 
Vila yield nearly a 100-fold increase in the rate of hydrolysis when TF is added to form the factor 
Vlla/TF complex. These substrates allow for a direct TF-dependent quantitation of factor Vila 
and sensitivity into the low picomolar range ^^ -^^'^^ Additionally, the amidolytic activity of the 
factor Vlla/TF complex toward peptidyl-ANSN substrates in the presence of EDTA is 
comparable with that observed in the presence of divalent metal ions^ (Figure 1). These 
properties of ANSN substrates lead to the assumption that: a) a direct quantitation of picomolar 
concentrations of factor Vila can be done; b) assays can be done in the presence of EDTA thus 
providing a way to prevent activation of the zymogens of blood coagulation present in plasma 
(including factor VII); c) the presence of other enzymes should not interfere with factor Vila 
quantitation due to the specific response of this enzyme to the presence of TF. In addition, 
interfering enzymatic activity that may be present in plasma and which is not related to factor 
Vila, can be inhibited by selective inhibitors (hirudin for thrombin, tick anticoagulant peptide for 
factor Xa, etc.) 
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Table 1. Quantitation limits (QL) of serine protean. 



Substrate 


Enzyme 


1^ 


kcat WKm 




Quantitation 






jiM 




M'WlO"^ 




















Incub. time 


QL 












pM 


min 


pM 


D-AFK-ANSNH(i-C4H9)^ 


PIm 


110 


3.3 


0.3 


100 


60 


1 


D-VPR-ANSNH(n-C4H9) 


Fila 


2.0 


114 


570 


50 


15 


0.02 


D-VPR-ANSNH(n-C4H9) 


APC 


54 


72 


13 


50 


20 


0.8 


Boc-D-VPR-ANSNHCn-CnHg)" 


to-uPA 


95 


4.0 


0.4 


100 


60 


1 


D-FPR-ANSNH(n-C4H9) 


FVIIa 


190 


0.11 


0.006 


100 


120 


40 


D-FPR-ANSNH(n-C4H8) 


FVIIan-F 


100 


2.7 


0.3 


100 


120 


1 


D-LPR-ANSNH(n-C3H7) 


FXIa 


75 


53 


7.1 


100 


60 


0.01 


Mes-D-LGR-ANSN(C2H5)2'' 


Fxa 


120 


36 


2.9 


100 


20 


0.4 



^i-C4Hff-i5obutyl;''Boo-tert-butoxy-carbonyl;'^es-methanesulltonyl 




Substrate OuM) 

FIGURE 1: Peptidyl-ANSN substrate hydrolysis by factor Vila in tlie presence of TF and 
EDTA. Fsictor Vila, TF and EDTA were preincubated in HBS at 37*'C for 10 min. Increasing 
concentrations of tfie substrate D-FPR-(propyl)ANSN (A) or the substrate D-FPR- 
(cyclohexyl)ANSN (•) were added and the initial rates of substrate hydrolysis were evaluated. 
The fact that the factor Vila assay is TF dependent suggests that the same assay could be re- 
engineered to yield an assay specific for TF. TF is an integral membrane protein that Is 
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expressed in a variety of different cell types. It is expressed in the vascular adventftia, In 
astroglial cells, in organ capsules, etc., and is found in the central nervous system, lungs, and 
placenta at relatively high concentrations^". Monocytes and macrophages are known to express 
TF ^^"^^ and recently, several laboratories published data indicating that TF may be present in 
platelets and in fact may circulate in blood, although the existence and role of such TF remains 
controversial In addition to the expression in nomnal tissues and cells, it is also known to 
be expressed by tumor cells where it is related to the metastatic potential of those cells™. 
Furthemiore, TF has been identified in atherosclerotic plaques'^ which suggests a role for TF in 
the progression of atherosclerotic cardiovascular disease. 

Although It may appear somewhat ubiquitous, the primary known function of TF is the Initiation 
of blood coagulation. This occurs when cryptic tissue factor is expressed/eacposed on the 
surface of vascular cells where ft can bind factor Vila and fonm the TF/factor Vila complex. In 
addition to being important from an in-vivo hemostatic perspective, the fonnation of the factor 
Vlla/TF complex is the basis for one of the most commonly utilized coagulation assays, the 
Prothrombin Time (PT assay). The PT assay is used routinely as a way to quantify hemostatic 
potential. It has many applications, but is most commonly used to screen pre-operative patients 
and to monitor and gage the administration of anticoagulant therapies. The assay involves the 
addition of a highly characterized thromboplastin reagent to cHrated plasma samples and 
simuftaneous or subsequent recaicification. The time required for clot fonmation following 
recalclfication is the PT time. Variations of this assay can be perfomied with factor deficient 
plasmas to create PT-based assays that are specific for prothrombin, factor V, factor Vil, and 
factor X. 

Thromboplastin reagents are produced and sold commercially by numerous manufacturere. 
The reagents can be made by homogenizing natural tissues that confain a relative abundance 
of TF such as brain, placenta and lung, or In an approach that is becoming more common, can 
be made synthetically by Incorporating recombinant TF into synthetic phospholipid vesicles 
using a relipidatlon procedure. The variety of different thromboplastin reagents that became 
available created a problem vtnth regard to standardization of the PT assay. Because each type 
of PT reagent can yield a different dot time for the same plasma sample, a method of 
standandization was urgently needed. As a result, the concept of an INR (International 
Normalized Ratio) was developed. The INR is a value that is obtained by dividing the patient 
PT by the laboratory "nonmal" PT and raising the product to the "ISI" power. The ISI 
(International Sensitivity Index) is a number that is established by the manufacturer for each lot 
of thromboplastin that is produced. The number is derived by comparison of the manufacturers 
material to the WHO (Worid Health Organiztlon) standard thromboplastin in a test that is 
instrument specific. The WHO thromboplastin standard has an ISI value of 1.0, and in an ideal 
worid, all manufacturers would produce a thromboplastin with an ISI value of 1.0. The 
challenge of attaining this goal is related to assuring that the proper ratio of functional TF to 
phospholipid is attained in the final PT reagent. At the heart of this problem is the inability to 
accurately measure functional TF. 

Due to the critical role that TF piays in hemostasis, its potential role in metastasis as well as its 
extensive use in-vitro, it Is important to have a sensitive and specific TF assay able to detected 
relatively low amounts of this protein in biological fluids, ceil cultures, lysates, as well as in 
purified and semi-purified systems. TF assays that have thus far been developed employ 
clotting^""', chromogenic'" and Immunochemical^' methods. The clotting methods for assaying 
TF involve the entire coagulation cascade and are therefore sensitive to the alterations in the 
levels of procoagulant proteins and coagulation inhibitors. Chromogenic methods do not allow a 
direct measure of TF activity and are expensive, since they require additional purifled 
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coagulation factors. Similarly, immurjochemical methods are relatively expensive as well as 
time-consuming. Thus at the present time, a quick, accurate and somewhat universal method 
to directly measure TF activity does not exist. 

A functional-based assay that could be used to measure TF in purified and/or complex 
biological systems would have a variety of potential applications incuding: a) in-vitro diagnostics 
for the assessment of hemostatic potential; b) in-vitro diagnostics for thrombotic risk 
assessment; c) in-vitro diagnostics for cancer screening; d) quality control during the purification 
of recombinant tissue factor; e) quality control during the manufacture of PT reagents; and f) 
characterization of final TF and PT reagents. 

It has been demonstrated that the amidolytic activity of the TP/factor Vila complex toward small 
fluorogenic substrates is membrane (phospholipid) independenf*^. This observation suggests 
that TF can be successfully quantitated in a firee form in purified systems and biological fluids as 
well as present on cell or artificial membranes and in cell lysates. Fluorogenic substrates, which 
allow a quantitation of low concentrations of factor Vila (as described above), will similarly allow 
the quantitation of similariy low concentrations of TF. 



C. PRELIMINARY DATA 

The 6-amino-1-naphthalenesulfonamide (ANSN) family of fluorogenic substrates and their utility 
have been described in numerous research publications and in U.S. patent number 5,399,487, 
vWiich has been licensed and assigned to Haematologic Technologies, Inc. on an exclusive 
basis. These substrates have been used in variety of experimental procedures to monitor TF 
dependent factor Vila activity. It has been demonstrated that the properties of these substrates 
will allow for the direct quantitation of factor Vila at low picomolar concentrations in purified 
systems. IMore recently the use of these substrates for the development of uttrasensitive 
assays that can be applied to more complex biological systems has been investigated. 

With regard to factor Vila, we have used one of the peptidyl-Ar48N substrates, particulariy D- 
FPR-(cyclohexyl)ANSN, in an attempt to perfonm direct factor Vila assay in plasma. Initially, 
varying concentrations of factor Vila (0-1000 pM) were incubated with 5 nM TF in 20 mM 
Hepes, 0.15 M NaCI, pH 7.4 (HBS), containing 20 mM EDTA fbr 10 min at room temperature, 
followed by the addition of 100 pM D-FPR-(cyclohexyl)ANSN. Substrate hydrolysis was 
monitored continuously for 5 niin in a fluorometer at an excitation wavelength of 350 nm and an 
emission wavelength of 470 nm. Rates of hydrolysis were determined fbr each fector Vila 
concentration tested and a calibration line was constructed (Figure 2). The factor Vlla/TF- 
dependent rate of substrate hydrolysis was linear over the range of Victor Vila concentrations 
tested. It should be noted that the rate of substrate hydrolysis In the absence of tissue factor is 
about 1 00-fokl less and is therefore negligible. 

In a second step, nomial citrated plasma was dUuted (1:1) with HBS containing 20 mM EDTA, 
and the pH was adjusted to 7.4. Next, 5 nM TF was added and the plasma was incubated for 
10 min at room temperature followed by the addition of 100 pM D-FPR-(cyclohexyl)ANSN. The 
rate of substrate hydrolysis was evaluated as described above. In a control experiment, the rate 
of substrate hydrolysis was evaluated for the same plasma sample, but in the absence of TF. 
The increased rate of substrate hydrolysis that was obsen^ed in the presence of TF (versus the 
control) was attributed to the activity of the factor VMaHF complex. Comparing the results to the 
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FIGURE 2: Calibration line for factor Vila amidolytic activity. 

calibration line in Figure 2, tlie plasma sample yielded a factor Vila concentration of 102 pM. 
These preliminary results indicate that the factor Vila concentration detemiined by this method 
IS similar to that determined by the published clotting assay method . 

Utilizing a similar approach, but in this case holding the factor Vila concentration constant and 
varying TFconcentration, an assay responsive to TP can be created. To constnict a calibration 
22^® S"" ^' ^^"^'"^ concentrations of TF (0-600 pM) were incubated with 2 nM factor Vila in 
HBS pH 7.4 containing 2 mM CaCfe, for 10 min at room temperature, followed by the addition of 
50 \iM D-FPR-(n-butyl)ANSN. Substrate hydrolysis was monitored continuously for 5 min in a 
fluorometer at an excitation wavelength of 350 nm and an emission wavelength of 470 nm. 
Rates of hydrolysis were detemiined for each TF concentration tested. The rate of substrate 
hydrolysis by 2 nM factor Vila alone was also measured and subtracted from rates observed in 
the pre^nce of TF. A calibration line (hydrolysis rate vs TF concentration) was constaicted 
(F'gure 3). The rate of factor VIlan^F-dependent substrate hydrolysis was linear over the range 
of TF concentrations tested. ^ 

In the next experiment, the same preparation of TF was relipldated into POPS vesicles 
(composed of 75% phosphatidylcholine and 25% phosphatidylserine) as previously described^ 
Various preparations of relipidated TF (TF/PCPS; 250 pM/500 nM) vwere incubated with 2 nM 
fartor Vila in HBS, 2 mM CaClz pH 7.4 for 10 min at room temperature followed by the addition 
of 50 MM D-FPR.(n-butyl)ANSN. Rates of substrate hydrolysis were detemiined and compared 
to the calibration curve above. Data from this assay (shown below) indicate that 35-40% of the 
TF added to the relipidatlon mixture is expressed as funcUonal TF. These data indicate poor 
recovery of total TF activity following relipidatlon. Although a portion of the TF could have been 
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the manufacture and quality control of thromboplastin reagents. 
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FIGURE 3; TF activity calibration line in ttie presence of 2 nlH factor Vila (fluorogenic 
assay). 



TABLE 2: Recovery of active Tissue Factor following relipidation, 
(Initial Tissue Factor Concentration = 250 pM) 



Sample Active TF found 

pM % 



Relipidation 1 97 

Relipidation 2 88 

Relipidation 3 101 

Relipidation 4 93 



39 
35 
40 
37 



In the same course of experiments, the lysate derived from frozen and thawed washed human 
platelets (2x10^ platelets/ml in HBS, 2mlVI CaCb) was evaluated to detemiine if TF was present. 
The lysate was incubated with 2nM factor Vila at Riom temperature for 10 min. Following the 
incubation, 50 pM D-FPR-(n-bu^)ANSN was added and the rate of substrate hydrolysis was 
detemiined over the course of 5 min. The rate of substrate hydrolysis was also measured In a 
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control experiment that was performed under identical conditions but In the absence of factor 
Vila. The difference in the substrate hydrolysis rates were 0.06 nM/sec (the rate of substrate 
hydrolysis for 2 nM factor Vila alone was negligible). By comparison to the calibration curve 
(Figure 3) the concentration of TF in the lysate was 90 pM. In a control experiment, purified TF 
was diluted to 90 pM in HBS, 2mM CaCi2 and was assayed under the same set of conditions 
yielding the same rate of substrate hydrolysis as the platelet lysate. When an anti-tissue factor 
monoclonal antibody was added to either the lysate or to the control experiment (done with 
purified TF), the rate of substrate hydrolysis was decreased by 50% thus confirming that the 
amidolytic activity was TF-related. 

These preliminary data indicate that the ANSN-fluorogenic subtrates can be employed to detect 
TF and factor Vila in relatively simple systems. This phase-t proposal is focused on extending 
this technology to demonstrate the feasibility of accurately detenmining TF and factor Vila 
concentrations in more complex biological systems including, plasma, cells, cell lyzates and 

commercial thromboplastins. 



D) RESEARCH DESIGN AND METHODS 

This section will be organized according to the Specific Aims outlined in section A. 
Reagents and Materials : 

ANSN-fluorogenic substrates : Although there are a variety of different ANSN fluorogenic 
substrates that are useful for factor Vlla/TF we will focus our attention on those with either the 
ANSN-cyclohexyl or ANSN-n-butyl reporter groups. Preliminary data suggests that these two 
substrates will be the most useful for the intended applications. These substrates are standard 
catalog items of our own (catalog numbers SNr17a and SN-17c respectively; Haematologic 
Technologies, Inc.) and those required for this project will be manufactured in-house as needed. 

Factor Vila: Factor Vila (also an HTI catalog item; catalog #HCVII-0020) will be prepared in- 
house by activating purified factor VII (10 pM in TBS, pH 7.4 containing 2mM CaClz) with factor 
Xa (10 nM) for 12 - 16 hrs at 4''C. Residual factor Xa will be removed by immunoaffinity 
adsorption and the remaining factor Vila will be precipitated by the addition of ammonium 
sulfate to 75% saturation. The precipitated protein will be collected by centrifugation, fomiulated 
into 50% (vol/vol) glycerol water and stored at -20'C until needed. The required Factor VII will 
be purified from fresh frozen plasma according to published procedures which involve: a) 
barium citrate adsorption of citrated plasma; b) release from barium citrate by dissolution in the 
presence of EDTA; c) dialysis to remove EDTA and residual salts; and d) Immunoaffinity 
chromatography over anti-factor Vil-Sepharose. 

Tissue Factor Tissue factor is commercially available in both native and relipidated fomis 
iATn&icsn Diagnrosttoa, Inc:; Greenwich, CT>. hesrefvef ffiatferiirfiif this pf^mcom^m 
in-house manufacturing operations in which recombinant TF is manufactured under contract by 
HTI for UfieScan, Inc. of Milpitas, CA. HTI has permission to use material for in-house R&D 
applications. At the present time, HTI is negotiating a license agreement with LifeScan that 
would allow HTI to manufacture and use TF for limited commercial applications. 

PCPS Vesicles and Relipidated TF : Empty phospholipid vesicles and vesicles containing TF 
that are composed of 75% phosphatidylcholine (PC) and 25% phosphatidylserine (PS) will be 
prepared by the method of Mimms^^ To prepare vesicles containing TF (relipidated TF) the 
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required amounts of PC and PS (dissolved In chloroform) are first dried to the walls of glass 
tube under a gentle stream of nitrogen. The lipids are then dissolved in HBS containing 100 
mM octyl glucoside. TF which has also been fonnulated Into HBS containing 100 mM octyl 
glycoside is added to achieve a final phospholipid to TF ratio of about 8000:1 . The mixture is 
allowed to incubate at room temperature for 30 minutes, after which it Is dialyzed against HBS 
to remove the detergent and allow the formation of phospholipid vesides. The relipidated TF is 
storec' at 4°C where it is stable for several days. Empty POPS vesicles are prepared In the 
same manner but the TF is eliminated. PC and PS will be obtained from Avanti Polar Lipids, 
Alabaster, AL. 

Human Plasma: Citrated human plasma which will be used for experimental purposes as well 
as for the manufacture of factor VII will be purchased firom Seraplex. Inc., Duarte, CA. 
Seraplex, Inc. operates an FDA licensed plasma distribution facility. No donor identificatlori 
information is available to HTi. 

Human Platelets: Human platelets are routinely purchased by HTI through the BCA/hemerica 
network of blood banks and are washed prior to being used for manufacturing purposes. The 
same washed platelets will be used for assay development wortc involving human platelets and 
platelet lysates. No donor identification information is made available to HTI. 

Miscellaneous reagents: Hirudin will be purchased from Calbiochem, La Jolla, CA. Fluorescent 
microtiter plates will be purchased from both Greiner Bio-One, Longwood, FL and Nalge Nunc 
International, Rochester, NY. Monoclonal antibodies against factor Vila and TF are available in- 
house. All other chemicals and reagents will be purchased firom approved HTI vendors and virtll 
be of the highest quality. 

Specific Aim #1: 

The preliminary data that was presented in section C was obtained using a standard fluorometer 
and experiments were therefore done in a cuvette fonnat. We have perfonned a sufllcient 
number of experiments with the ANSN-based fluorescent substrates in microtiter plate format 
using a Gemini fluorescent plate reader (manufactured by Molecular Devices, Sunnyvale CA) to 
confimn that the plate reader format will work for the projected applications. Adding to the 
complexity of assay development is the large number of different fluorescent assay plates that 
are available. We have experience using plates from both Nunc and Griener. Each company 
manufactures several different plates for which the nature of the plastic surf'ace is different. The 
differences are often subtle and are generally related to surface chaige and color. Knowing that 
different proteins react diflerently with each type of plate, we will include a survey of fluorescent 
microtiter plates in our preiiminaiy experiments. 

To establish basic assay parameters, assay conditions will be varied to find those that yield the 
highest precision, accuracy and detection limits. The effect of changing buffer pH and ionic 
strength, and-flre effect of addlr^w remwing calcfium ions virill be examined. Factor Vila will be 
titrated in the presence of saturating TF and visa-versa to determine the detection limits of the 
assay. Both fluorogenic substrates (SN-17a and Sn-17c) will be evaluated to detennlne which 
is optimal under each set of conditions. Polyethlyene glycol or Bovine Semm Albumin will be 
Included in assay bufl'ers If necessary to prevent loss of proteins due to adsorption. 

With regard to the TF assay, both detergent soiubillzed and relipidated fonns will be included In 
the assay development. Our preliminary data conflnns our ability to assay both soluble and 
relipidated forms of TF. 
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To potentially enhance the sensitivity of the assays and to create fomnat that will Ije less prone 
to matrix effects when the assay Is applied to more complex biological systems, antibodies to 
factor Vila or TF will be employed in immunocapture experiments. Murine anti-factor VII and 
murine anti-TF monoclonal antibodies will be immobilized onto high-binding fluorescent 
microtiter plates using conventional coating procedures (carbonate buffer, pH 9.6). Following 
immobilization step and removal of excess antibody, non-specific binding sites will be blocked 
with TBS containing 2% bovine serum albumin (BSA). The antibody plates will be used to 
capture the analytes from the sample matrix. Following a series of wash steps, the remaining 
assay components will be added. For the TF assay, saturating amounts of factor Vila will be 
added followed by the addition of substrate. For the factor Vila assay, saturating amounts of TF 
will be added followed by addition of the substrate. It should be noted that the rate of substrate 
hydrolysis is dependent upon fonnation of the factor Vlla/TF complex. Factor Vila alone 
hydrolyzes the substrate at rate that are about 100-fold less that the factor VIIa/TF complex. 
For this reason, the excess enzyme (factor Vila) in the TF assay will not substantially interfere 
and any signal that is from factor Vila alone can be determined from a control sample and 
subtracted firom the actual assay signal. 

Upon completion of the woric described in Specific Aim #1, we vm'il have a good understanding 
of the assay limitations and of the effect of changing various assay parameters. 



Specific Aim #2 and #3: 

With assay conditions optimized for application to purified systems the assay will employed to 
examine more complex systems including synthetic and natural thromboplastins, plasma, 
platelets and platelet iysates. Challenges that are likely to be encountered will include matrix 
effects such as background scatter or fluorescence, non-factor Vila-dependent substrate 
hydrolysis, influence of natural factor Vila inhibitors, etc 

A limited amount of preliminary experience with measuring fluorescent signals directly firom a 
plasma matrix indicates the presence of a small amount of background scatter or fluorescence 
that can interi'ere with the measure of substrate hydrolysis at low enzyme concentrations. 
Although we have confimied that this interference can be minimized by photobleaching or 
charcoal adsorption, the effect that these treatments will have on the analytes is unknown. If 
the desired detection limits are not obtainable by direct measurement due to matrix effects, we 
will also explore the option of removing the sample from the matrix by immunoadsorption using 
antibody coated microtiter plates. For this application have a collection of factor Vila and TF 
monoclonal and polyclonal antibodies available. 

It is not anticipated that non-factor Vila dependent substrate hydrolysis will pose a significant 
problem since we are able to sort out the factor \^la signal due to the TF-dependent 
enhancement of this signal by almost 100 fold. Based upon this property we can subtract the 
non-TF dependent signal from the TF-dependent signal and thus yield a signal that Is dlrectiy 
proportional to factor Vila. The enzyme that Is most likely to cause InterfiBrence is thrombin and 
if necessary this signal can be blocked with a specific thrombin inhibitor such as hirudin. In 
addition, due to the specificity of our monoclonal antibodies, the immunoadsorption approach 
should effectively remove interfering enzymes from the assay system. It should also be noted 
that for plasma assays, EDTA will be included to prevent the generation of additional factor Vila 
during assay procedures. 
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For factor Vila, the primary biological material that we will focus on is plasma, however for TF 
we also plan to include platelets, platelet lysates and both natural and synthetic 
thromboplastins. Platelets will be assayed directly by making appropriate dilutions into HBS. 
Microtiter plates will be gently mixed during the assay procedure to ensure that a uniform 
suspension of the platelets is maintained. Platelet iysates will be prepared by a freeze/thaw 
cycle of platelets followed by centrifiigatlon to remove platelet membranes. In addition, we will 
examine the supernatant of thrombin activated platelets after neutralization of tiie thrombin with 
hirudin. 

In all assays, specificity will be confirmed by perfomiing spike and recovery studies. These 
studies will be accomplished by spiking taiown amounts of purified protein (either factor Vila or 
TF) Into the biological mixtures being tested. Subsequent assay of this material will 
demonstrate the ability to measure the added analyte (l.e., recovery). 

It is anticipated that the woric perfomried during this phase I project period will demonstrate the 
feasibility of developing direct ultrasensitive fluorogenic-based assays for factor Vila and TF that 
may be applied to the analysis of complex biological systems. Upon successful completion of 
the phase I project, we anticipate that a major R&D efibrt (phase II) will lead to the final 
development and validation of assays for commercialization. 



E) HUlUIAN SUBJECTS 

There will be no direct contact with human subjects. The only human materials to be used in this 
project are human plasma and human platelets. These materials will be purchased from FDA 
licensed companies/organizations (as outlined in section "D") that sell these materials for 
manufacturing purposes. No donor infomiation Is available to HTI. 



F) VERTEBRATE ANIMALS 

There will be no vertebrate animals used in this project. 
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Dear Rick: 

I have reviewed your SBIR proposal that is entitled "FJuorogenfc Assays for Factor Vila 
and Tissue Factor" and am very cnthusiastie about the potential to work with you as a 
consultant on this project. As you are aware, I have a tremendous amount of experience 
with the .^SN &niily of tluotogenic substrates with r^ard to both preparation and 
application. My studies have involved the use of these substrates for the elucidation of 
mechanisms involving &ctor Vila and tissue &ctor and believe that your proposal is a 
nice extension of nay research endeavora As a consultant, I would be available both as 
an adtisor and as an assistant to he^ you with certain elements of this projeci. I wish 
you the best of luck in securing the necessary fonding for tiiis project. 

Sinceielj, 

SauUus Butenas, Ph.D. 
Research Associate Professor 
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Dear Rick; 

I am writing lo express my willingness and enthusiasm to act as a consultant on your 
project entitled "Fluorogenic Assays for Factor Vila and Tissue Factor". A robust assay 
for these proteins chat can be applied to complex bioiogicaJ systems does not exist, I 
bejieve that the assays you arc proposing to develop are essential tools that will have both 
research and diagnostic applications. I will be available to consolt with you on any issues 
iliai pertain to this project. 
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